The daily man-biting activity of Anopheles (Nyssorhynchus) albimanus and An. (Kerteszia) neivai was determined in four ecologically distinct settlements of the Naya River, Department of Valle, Colombia. Differences were found among the settlements with respect to the mosquito species present, intradomiciliary and extradomiciliary biting activity and population densities.
The daily activity of mosquitoes is regulated by an endogenous circadian rhythm (Beck 1968 ) that may be affected by light, temperature and humidity ). This rhythm is species-specific and may explain why several Anopheles species that exist in the same habitat, may share food resources, resting sites and breeding sites by exploiting them at different times. Four Anopheles species (An. (Nyssorhynchus) albimanus Weidemann, An. (Kerteszia) neivai Howard, Dyar and Knab, An. (Anopheles) punctimacula Dyar and Knab and An. (Anopheles) apicimacula Dyar and Knab occur in the same habitat on the Naya River, within the city limits of Buenaventura, largest city of the Pacific Coast of Colombia (Hurtado & Solarte, unpublished, Rengifo 1974) . The first three species have been found naturally infected with Plasmodium , Herrera et al. 1987 , Carvajal et al. 1989 .
This article reports the results of a study to determine the human biting activity of An. (Nys). albimanus and An. (Ker.) neivai and investigate whether their coexistence could be explained by temporal partitioning of blood meals, a necessary resource for their development.
MATERIALS AND METHODS
Field work was carried out on the lower Naya River, municipality of Buenaventura (77° 30'N, 3° 25'W and 77°15'N, 3° 10'W) in the Department of Valle, Colombia (Fig. 1) . Four ecologically diverse localities (Concherito, Santa Cruz, El Trueno and La Concepción) were chosen based on a previous study (Solarte et al. 1994) in which active transmission of malaria was determined. The ecological characteristics of all four sites were also described in Solarte et al. (1994) .
Concherito is a settlement of 33 houses at only 3 m above sea level surrounded by mangroves. It has a permanent population of 71 inhabitants, augmented by a transient population of fishermen from Buenaventura and other settlements of the Naya River. Forty-nine species of trees were found in the vicinity of Concherito, dominated by Euterpe cuatrecasana, Pelliciera rhizophorae and Pterocarpus officinalis. In addition the inhabitants of the settlement cultivate 12 different crop species.
Santa Cruz is situated in an ecologically transitional area between the mangroves and a range of low hills, parts of the area being flooded at high tide. These hills mark the limits of the humid tropical forest, the most abundant plant species being Geonoma and Wettinia spp. The settlement lies at approximately 10 m above sea level and has 77 houses with a permanent population of 166 residents, who subsist by fishing and cutting timber.
El Trueno lies within the area of low hills and is surrounded by forest that has been cleared to a considerable extent to provide timber and land for crops. It shows the highest diversity of tree species of any of the four sites (Solarte et al. 1994) including Wettinia, Jessenia and Miconia spp. This settlement has 127 houses and 278 residents, who live by clearing timber and subsistence farming.
RESULTS
Biting activity of mosquitoes on the lower Naya River is summarized in Man-biting activity of An. (Nys) albimanus in Concherito was first recorded at 18:00 hr and continued throughout the night, with a peak between 22:00-23:00 hr inside and around houses. Biting rates in houses and in the peridomicile during this peak were 36.3 and 67.7 bites/man-hr respectively. A second peak in peridomiciliary biting was de- La Concepción is a settlement of 146 houses situated on the foothills of the Western Cordillera of the Andes and is surrounded by relatively undisturbed humid forest. Residents live by hunting and cutting timber, with some subsistence agriculture and gold mining.
Mosquito sampling was realized using humanbait inside and around houses and in the forest, following standard WHO recommendations (WHO 1975) . Nocturnal sampling was carried out from 18:00 to 6:00 hr by two volunteers trading places between two consecutive six-hour shifts; 20 sampling sessions were made at each site for a total of 480 hr at each site. Diurnal collections in the forest were made only at Santa Cruz and La Concepcion from 18:00 to 6:00 hr during three consecutive four-hour shifts; 5 sampling session were made for a total of 120 hr per site. Mosquito identifications were made according to the keys of Cova and Sutil (1977) , Faran (1980) , Faran and Linthicum (1981) and Zavortink (1973) .
were generally very low, occurring from 18:00-22:00 hr. At El Trueno maximun biting activity was between 19:00-20:00 hr, when it reached 1.5 bites/man-hr. At Santa Cruz and Concherito peak activity was lower, being 0.2 and 0.8 bites/man-hr respectively. No intradomiciliary or peridomiciliary biting activity whatsoever was recorded for An. (Ker) neivai in La Concepción. This species demostrated sylvatic biting activity over 24 hr (Fig. 5) , a phenomenon seen in both Santa Cruz and La Concepción. In the first of these there were two biting peak, the first of 17.8 bites/manhr between 21:00-22:00 hr and the second from 18:00-19:00 hr, when a rate of 20.8 bites/man-hr was recorded. This second peak coincided with peridomociliary biting activity in Santa Cruz. At La Concepción the peaks occurred between 6:00-7:00 hr (4.5 bites/man-hr) and 18:00-19:00 hr (3.0 bites/man-hr). Sylvatic activity of mosquitoes was not investigated in Concherito and in El Trueno. tected between 24:00 and 1:00 hr when the biting rate reached 79.1 per man-hr (Fig. 2) .
In El Trueno the man-biting activity of An. (Nys) albimanus was very low and less prolonged in comparison with that of Concherito, beginning at 19:00 and ending at 1:00 hr. A peak in the activity around houses (0.9 bites/man-hr) occurred between 20:00-21:00 hr. No intradomiciliary biting was recorded (Fig. 3) .
The second species in importance was An. (Ker) neivai. Peridomiciliary activity in Santa Cruz began at 17:00 and ended at 21:00 hr, while at Concherito and El Trueno activity began and ended somewhat later, occurring between 18:00-22:00 hr. Maximun biting activity around houses in all three localities occurred between 18:00-19:00 hr and was greatest at Santa Cruz (up to 8.3 bites/man-hr), followed by Concherito (3.6 bites/man-hr) and El Trueno (3.0 bites/man-hr) (Figs 3, 4) .
Intradomiciliary biting rates of An. (Ker) neivai 
DISCUSSION
Based on our studies it appears that the anophelines of the lower Naya River show variation with respect to their biting rates, cycles of activity and distribution. This variation in distribution is presumably related with the availability of breeding sites around the four communities studied (Hurtado & Solarte 1986 ). Concherito is situated between mangroves where there is a high density of the bromeliads favoured by An.(Ker) neivai and coastal swamp which is the principal breeding habitat of An. albimanus.
An. albimanus presents a high degree of anthropophilic activity, particularly in the peridomiciliary area where 81% of mosquitoes of this species were collected. The peak of biting activity seen for this species during the present study coincides with that found by Olah and Montoya (1985) in Juanchaco and Ladrilleros, two coastal settlements near Buenaventura with similar ecological conditions to those of the lower Naya River.
The behaviour patterns seen however, differ from those observed by Quiñones et al. (1987) who did not find appreciable differences in blood-feeding activity for this species between 18.00-24.00 hr. This discrepancy might be explained by the fact that the latter authors pooled their data from several sites on the Pacific Coast of Colombia, without taking into account ecological and climatic differences between the areas sampled.
We have insufficient data to generalize in making conclusions with respect to anopheline biting behaviour for the entire Pacific Coast of Colombia, since that the region is sub-divided into three based on ecological and climatic conditions (IGAC 1980) . The most northern of these is represented by the Department of Chocó and has the highest rainfall and lowest temperatures. The southermost subregion (in Deparment of Nariño) is driest and has higher temperatures while the central subregion (coast of the Departments of Valle and Cauca) is intermediate between the other two respect to temperature and rainfall. These differences may influence anopheline biting behaviour in the three subregions.
Comparison of the intradomiciliary and peridomiciliary biting activity of An. (Nys) albimanus suggest that this species is more exophagous than endophagous, since only 19% of the mosquitoes of this species sampled were collected indoors (Fig. 2) . Based on comparison between the biting rates of this species observed in Concherito and El Trueno, it appears that there is a gradient with respect to the numbers of mosquitoes captured from the coast towards the interior on the lower Naya River, perhaps governed by the availability of suitable larval habitats. The apparent absence of An. (Nys) albimanus in Santa Cruz may be explained by the paucity of larval habitats.
Although An. (Nys) albimanus is absent from La Concepción, the area appears to contain habitat suitable for this species. Its absence might be explained by the dense forest, broken only by narrow river courses, which sorrounds this settlement and perhaps acts as a barrier to colonization. In studies performed in Mexico, Savage et al. (1990) detected a negative correlation between An. (Nys) albimanus population levels and altitude, a similar phenomenon was seen during the present study for An. (Nys) albimanus.
Blood-feeding activity of An. (Ker) neivai as determined during this study was similar to that seen by Olah and Montoya (1985) in Juanchaco and Ladrilleros, although in the latter sites it ended at 1.00 hr. Highest biting rate of this species was seen in El Trueno, where the population is more endophagic than in other areas, perhaps because the breeding sites are situated close to the houses. Nevertheless An. (Ker) neivai is clearly more exophagic than endophagic, the percentage of mosquitoes captured indoors being only 27.9%, the remainder specimens were collected around the settlements and in forest. The evening peak of activity of the An. (Ker) neivai coincides with the time at which members of the community sit outside their houses to converse at the end of the working day. This may explain why indoor collections of An. (Ker) neivai were so low at this time. Astaiza et al. (1988) reported that the intradomiciliary activity of this species on the Pacific Coast of Colombia is low compared with that of outdoors and with the fact that biting occurs through the night, from 19:00-5:00 hr.
Sylvatic biting activity of An. (Ker) neivai during the day shows a bimodal patterns. This differs from the findings of Pajot et al. (1978) in French Guiana, where this species shows two peaks of activity, one in the morning between 10:30 and 11:30 hr and the other in the afternoon between 15:00-16:00 hr. Working in Charambirá (another locality on the Pacific Coast of Colombia), Astaiza et al. (1988) encountered a statistically significant difference between samples captured in the two peaks, those collected in the morning containing a higher proportion of parous females. Murillo et al. (1988) demostrated that biting behavior of this species is determined primarily by light intensity, ranging between 0.1 and 10 lux and reaching a maximum at close to 3 lux.
The sylvatic activity of An. (Ker) neivai in the lower Rio Naya occurs over 24 hr. Lee and Sanmartin (1967) and later Barreto and Lee (1969) observed the abundance and circadian activity on the Rio Raposo, again in the Buenaventura area. Trapido and Galindo (1957) found that this species was active during the day in the canopy of the rain forest and at ground level in deciduous forest in Panamá. Valderrama and Santander (1985) carried out an epidemiological study at Bajo Calima, a settlement about 10 km from Buenaventura. They found that 83% of malaria cases in the area had been acquired outdoors. The relative risk of contracting malaria by diurnal exposure outdoors was always higher when compared with peridomiciliary and nocturnal exposure. The biting habits of An. (Ker) neivai would explain this phenomenon. The transmission rate of malaria in the area corresponds to one infective bite by this species per man per week (Alzate, pers. comm.) .
Human activity and commerce on the Naya River occurs across a variety of ecological situations with traffic by fishermen and other members of the population enabling the malaria parasite to diffuse through the area. Although the human biting rate of An. (Ker) neivai is less than An. (Nys) albimanus both species may play a role in the spread of malaria.
